NME23/NDPK proteins are well conserved proteins found in all living organism. 25 Besides their catalytic activity of nucleoside diphosphate kinase (NDPK) they are 26 considered multifunctional, which were first characterized as non-metastatic proteins in 27 mammalian cells. Later, increasing evidences placed NME/NDPK as proteins involved 28 in DNA stability such as gene regulation and DNA-repair. TcNDPK1 is the canonical 29 NDPK isoform present in the parasite Trypanosoma cruzi, orthologous to NME23-30 H1/H2 which has been shown to have in vitro nuclease activity and DNA-binding 31 properties. In the present study we investigate the role of TcNDPK1 in DNA-damage 32 responses using heterologous gene expression systems and over-expression in 33 epimastigote cells. We found that different strains of bacteria, WT and ndk-mutants, 34 expressing the enzyme decreased about 5 fold and 18 fold the spontaneous mutation 35 rate, respectively. In addition, yeasts lacking the endogenous gene YNK1 (YNK1-) and 36 expressing TcNDPK1, were significantly more resistant to different concentrations of 37 hydrogen peroxide and were less sensible to UV radiation than controls. Parasites 38 over-expressing TcNDPK1 were able to withstand different genotoxic stresses caused 39 by hydrogen peroxide, phleomycin and hidroxyurea. In addition, under oxidative 40 damage, TcNDPK1 over-expressing parasites presented lesser genomic damage and 41 augmented levels of poly(ADP)ribose and poly(ADP)ribose polymerase, an enzyme 42 involved in DNA repair. These results strongly suggest that TcNDPK1 is involved in the 43 maintenance of parasite genomic-DNA integrity, thus, giving rise to a novel function. 44 45 46 47 65 different cell lines [10, 11]which is associated with an increased nuclear localization of 66 the proteins. 67 The DNA-related functions of NDPK proteins have also been investigated in different 68 organisms other than mammals, such as bacteria, plants, yeasts and protozoan 69 parasites. A plenty of reports commit NDPKs to DNA-processing activities because of 70 their interaction with DNA and their capacity to cleave it [12-17]. Furthermore, 71 accordingly to what was reported for human NME proteins, Deinococcus radiodurans 72 Ndk is up-regulated during gamma radiation stress [18] and the yeast homologue 73 YNK1 is required for repair of UV radiation-and etoposide-induced DNA damage [19].
48
Introduction
49
Nucleoside diphosphate kinases (NDPK) are ubiquitous and well conserved enzymes 50 whose canonical and first discovered function is to maintain the intracellular di-and tri-51 phosphate nucleotide homeostasis by catalysing their interconversion [1] . In addition,
52
NDPK proteins are considered multifunctional enzymes since they have been shown to 53 be involved in diverse physiological and pathological processes. Human NDPKs, 54 comprised in the NME (NME23/NDPK) family, are by far the best studied NDPKs 55 because of their prime role as metastasis suppressors [2] . The different isoforms have 56 been found to be distributed all along the intracellular compartments, from cytoplasm to 57 mitochondria, membrane and nucleus [3, 4] . Nuclear functions of NME proteins are 58 currently being investigated in order to better understand the mechanisms underlying 59 its non-metastatic function. NME-H1 and NMEH-2 have been identified as potential 60 transcription factors that regulate gene transcription through their DNA-binding 61 activities [5] [6] [7] [8] [9] . In addition, NME-H1, NME-H5, NME-H7, and NME-H8 also exhibit a 3′-
62
5′ exonuclease activity, suggesting roles in DNA proofreading and repair [10] . In fact,
63
there are increasing studies confirming a possible role for NME-H1 in the repair of DNA 64 damages induced by UV and gamma radiation, bleomycin, cisplatin or etoposide in 74 Trypanosoma cruzi is the protozoan parasite that causes Chagas disease. We have 75 previously identified and characterized the T. cruzi NM23-H1 and NM23-H2 76 homologue, TcNDPK1, which is the only canonical NDPK present in the parasite [20] .
77
TcNDPK1 presents 54% and 64% identity with NM23-H1 and NM23-H2 respectively 78 and share some common functional features of most of the canonical NDPKs since, 79 besides to the kinase activity, TcNDPK1 possesses unspecific in vitro nuclease activity
80
[12], DNA-binding properties (Duhagon et al, unpublished) and cytosolic and peri-81 nuclear localization [21] . In addition, TcNDPK1 gene expression is modified in 82 response to gamma radiation [22] .To date, there are few reports involving classical 
218
while not reaching the frequency of K12 WT bacteria which was 43 fold lower than 219 mutants and 2.3 fold lower than K12 ndk1-/TcNDPK1. In addition, the expression of the 220 TcNDPK1 gene in E. coli BL21 bacteria using the pRSET vector produced a decrease 221 of 5 fold the spontaneous mutation frequency (Table 1) . stresses as is showed in figure 1 (Fig 1) , being significantly more resistant to 5, 10, 25
238 and 50 mM hydrogen peroxide after 24 h of treatment and to 4.25 and 8.5 J/cm 2 UV 239 exposure than controls ( Fig 1C) . In order to evaluate the role of TcNDPK1 in the ability of the parasites to withstand 253 genotoxic stresses, we generated a TcNDPK1 over-expressing line of epimastigotes by transfected them with a pTREX-N1 plasmid (N1 parasites); control was obtained by 255 expressing the GFP with the same plasmid (GFP parasites). N1 parasites presented 256 increased NDPK activity, about eight fold respect to control; rates obtained were 79.1
257
TTP µmol/sec per 10 8 parasites for N1 and 9.5 TTP µmol/sec per 10 8 parasites for
258
GFP. In addition, the transgenic lines had similar culture growth and duplication rates,
259
reaching same densities at stationary phase (Fig 2A) .
260
Both transgenic lines were treated with different concentrations of genotoxic agents 266 lethal to GFP parasites and N1 population persisted reaching 50% of growth (Fig 2 B 272 N1 parasites were more resistant to 24 h of replication stress, since this population was 273 able to endure about 24% more than GFP parasites at HU 10 mM and 20 mM ( Fig 2D) . fragmentation was observed, so parasites were then exposed briefer times to 3 mM 290 H 2 O 2 (0, 5, 10, 20 and 30 min). Accordingly with the results obtained above, N1 291 parasites presented slightly less DNA damage than control parasites, as can be seen 292 in figure 3 ( Fig 3A and 3B) . 
296
GFP parasites were used as control.
297
Different DNA damage responses are activated under these genotoxic conditions. One
298
DNA-break sensor enzyme that rapidly acts under DNA damage is the Poly(ADP- examine the activation of TcPARP in N1 and control populations, parasites were 303 exposed to H 2 O 2 3 mM at different times (0, 5, 10, 20 and 30 min) and PARylation was 304 evaluated by western blot (Fig 4A) . In both parasites the level of modified proteins 305 increased with damage until 20 min, but N1 parasites presented more intensity than 306 control parasites and, remarkable, they maintained the elevated levels at 30 min 307 against GFP parasites that showed an important decreased of about 46% at the same time ( Fig 4B) . The levels of TcPARP were also evaluated ( Fig 4C) and in accordance 309 with PARylation, the levels augmented with time exposure and in N1 parasites 310 continued increasing at 20 min keeping them high at 30 min, whereas control parasites 311 showed an abrupt decreased being almost undetectable at the mentioned times (Fig   312  4D ). In addition, at 5 and 10 min, induction of expression was greater in N1 parasites,
313
reaching about 6 to 10 fold respect to 0 min against 1.5 and 1.7 fold of GFP parasites 314 ( Fig 4D) . 320
5-TcNDPK1 has nuclear localization 321
Previous experiments carried out in our laboratory threw the presence of NDPK activity 322 in nuclear fractions (Miranda et al, unpublished) and, in addition, we determine that
323
TcNDPK1 has a cytosolic localization, enriched mainly around the nucleus [20, 21] 324 Furthermore, the orthologous gene of TcNDPK1 in T. brucei codifies a NDPK that was 325 reported as nuclear enzyme [23] . In order to evaluate in detail the subcellular 326 localization of TcNDPK1, immunofluorescences were carried out in these transgenic 327 parasites. As is shown in figure 5 , in addition to be cytosolic, TcNDPK1 showed 328 marked nuclear and peri-nuclear localization, very similar to its T. brucei counterpart 329 ( Fig 5, for details, please see [23] ). In addition, phleomycin and H 2 O 2 treatment 330 produced a slight delocalization of TcNDPK1 out of the peri-nuclear region (Fig 5) . 
391
H1 was reported to be peri-nuclear that rapidly translocate to sites of DNA damage in 392 the nucleus [10, 11]The mechanism underlying nuclear translocation is poorly 393 understood, since these enzymes lack a canonical nuclear localization signal, even 394 though a passive diffusion is also expected due to their small molecular weight.
395
Accordingly, we determine that TcNDPK1 possess cytosolic, peri-nuclear and nuclear 396 localization, a pattern very similar to the one reported for T. brueci NDPK [23] . In 397 addition, under oxidative damage and phleomycin treatment, the marked peri-nuclear 398 localization seems to get lost. Stimuli-dependent translocation of NDPKs has also 399 been reported in other organisms [49] , suggesting that delocalization could be part of 400 their regulation or mechanisms of action.
401
The present report constitutes an exploratory study of the role of TcNDPK1 in DNA-402 damage responses, and the results strongly suggest that TcNDPK1 is involved in 403 genomic DNA maintenance. Further investigations will be needed to reveal in detail 404 the extent to which TcNDPK1 participates in these processes. This knowledge will 405 allow unravelling the intricate network of multiple functions this enzyme gathers. 
